Semiconductor device with deep substrate contacts 
Technical field of the invention 

The present invention relates to a semiconductor device and to 
a semiconductor integrated circuit mounted in a package 
comprising a semiconductor circuit with at least one 
semiconductor device . 

Description of related art 

An operating frequency for modern telecommunication electronics 
range from several hundred megahertz up into the gigahertz 
region. Power transistors operate most efficiently at large 
signal levels and high current densities. Present high-voltage 
silicon RF power transistors can deliver several hundreds of 
Watts of output power at frequencies greater than 2 GHz and are 
operated at typically 25 V. These transistors are typically 
used in stationary applications, like output amplifiers in 
cellular base stations, digital broadcasting, or television 
transmitters . 

For applications like wireless handy phones, the supply voltage 
is limited to 2-6 V range (battery operation) , the output power 
is in the 0.1-4 W range and the operating frequency is in the 
1-3 GHz range. 

The dominating type of technology in this field is GaAs-based, 
but silicon-based circuits are now being developed in this 
area. Silicon's main advantage is the considerably lower price, 
-and. its disadvantage the more limited performance at high 
frequencies. "'""'^ — ^ 

A common difficulty for all RF power applications- is- to^ 
maintain the power gain and output power when the operating 
frequency is increased and the supply voltage is decreased. 
Especially a parasitic emitter/source inductance from bonding 
wires is deleterious for this performance, because it 
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constitutes a critical part of transferring power to a load. 
This will ultimately lead to a limitation in the size of the 
devices and the usefulness of the devices for a certain 
application. This applies as well for integrated amplifiers 
5 with lower voltage and lower power as for discrete high voltage 
RF power transistors, in bipolar and MOS technologies. A low 
impedance connection to ground is essential for these types of 
devices . 

An integrated circuit, comprising a plurality of semiconductor 
devices, manufactured on a semiconductor substrate, is normally 
placed in a package with pins or other means to contact the 
integrated circuit. The pins are normally connected to the. 
integrated circuit via bonding wires, which can have different 
length. A ground pin may be connected to a lead-frame, so 
called fused lead-frame, on which the integrated circuit is 
mounted, where the reverse side of the substrate is in 
electrical contact with the lead-frame. 

A normal connection from bond pads on the integrated circuit to 
the pins is obtained via long bonding wires, having 
approximately InH/mm in inductance and approximately 3mQ/mm in 
resistance at DC for a bonding wire with a diameter of 10-30 \im 
(1-2 mils) . Parallel bonding wires are used to minimise the 
inductance and the resistance. 

A typical length of a bond wire in a package is 1-2 mm, which 
25 gives an inductance of 1-2 nH/bond wire. By introducing short 
bonding wires from bond pads down to the lead-frame for the 
ground connection, the inductance may be reduced down to 0.2 
^ ~-nH,- -which^ creates an impedance of approx . 2.5 Ohms at 2 GHz. 

Existing techniques used to create low impedance "cohtacts — 
30 between the source and the substrate in a Lateral DMOS 

transistor comprises high doped diffused plugs or contact 
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structures including a trench filled with a conductor as is 
described in US patent 5,821,144 by D'Anna et al . 

Other types of contacts creating a low impedance contact have 
etched holes through the substrate, which are filled with 
metal, for GaAs MESFET applications. 

Deep tungsten filled substrate contacts for semiconductor 
devices with high frequency applications are described in the 
patent application WO 97/35344, by Norstrom et al . The contacts 
provide a direct coupling means between a first metal layer and 
a highly doped substrate through a low doped epitaxial layer, 
in which said devices are implemented. The patent application 
comprises a method and a device for use as an earth plane, 
interference and cross-talk reduction and screening. 

Siammary of the invention 

An object of the present invention is to provide a 
semiconductor device having a ground connection, where said 
ground connection is arranged to be connected to a ground pin 
on a package via a low impedance connection, especially at high 
frequencies . 

Another object of the present invention is to provide an 
integrated circuit, comprising a semiconductor circuit with at 
least one semiconductor device, mounted in a package, having a 
low impedance connection between a ground connection of said 
devices and a ground pin on said package. 

These objects are achieved by a semiconductor device, which is 
arranged at a surface of a' semiconductor substrate, having an 
initial doping, "said devi-ee--comprising an electrical 
connection, comprising at least one plug made of a materia'l " - 
with a high conductivity, between said initially doped 
substrate and said surface of the substrate, and said device 
having at least one ground connection arranged to be connected 
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to a ground pin on a package, said at least one ground 
connection is arranged to be connected to said ground pin using 
said electrical connection, where said substrate is arranged to 
be connected to said ground pin via a reverse side of the 
substrate, opposite said surface, and thereby being arranged to 
establish a connection between said ground connection and said 
ground pin. 

An advantage with the present invention is that a contact with 
low impedance may be established between a ground connection of 
a device and a ground pin on a package, especially for high 
frequency application . 

Another advantage is that less bonding pads are needed on the 
surface of the semiconductor substrate for connecting a 
semiconductor device since the ground connection is connected 
via the reverse side of the substrate. 

A further advantage is that bonding wires for a circuit, 
according to the present invention, is faster to connect in a 
package, since less bonding pads are needed. 

Yet another advantage of the present invention is that a large 
amount of current may be directed through the ground connection 
by having a plurality of plugs for each ground connection. 

Still another advantage is that any type of device with a 
ground connection easily may be connected through at least one 
plug without having to establish a conductive pattern to a 
bonding pad on an integrated circuit having at least one 
semiconductor device according to the invention. 

The present invention will now be described with reference to 
the accompanying drawings. 
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Brief description of drawings 

Fig. 1 shows a partial cross section of a semiconductor 
circuit, comprising a double polysilicon self-aligned bipolar 
transistor with a ground connection according to the present 
invention . 

Fig. 2a-2e shows manufacturing steps for the semiconductor 
device and the electrical connection in Fig. 1. 

Fig. 3 shows a perspective view of an integrated circuit 
mounted in a package with a semiconductor circuit having a 
ground connection connected to a ground pin according to the 
invention . 



Detailed description of preferred embodiments. 

Fig. 1 shows a partial cross section semiconductor circuit, 
comprising at least one double polysilicon self-aligned bipolar 
transistor 100 with an electrical connection 101 according to 
the present invention. 

The semiconductor device 100, in this example a bipolar NPN 
transistor, is manufactured on a substrate 102, having an 
initial high doping of a first type p+, on which a first 
epitaxial layer is grown to form a buried layer 103, having a 
high doping of a second type n+ opposite said first type p+ . A 
second epitaxial layer is grown on top of the buried layer 103 
to form a n-well 104, where the second epitaxial layer has a 
doping of the second type n. The buried layer 103 and the n- 
well 104 jointly represents a collector region of the bipolar 
transistor 100. 

The semiconductor device region is delimited by isolation means 
105 stretching from the surface 106 of the substrate down under 
the buried layer 103 into the initially doped substrate. A 
field oxide 107 covers the surface of the substrate having a 
first opening for a collector C and a second opening for an 
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emitter E and a double base B. A highly doped region 108, of a 
doping of the second type n+, stretches from the surface of the 
first opening down to the buried layer 103, as is usual in this 
type of semiconductor device. The collector C is connected to 
the highly doped region 108 via a conductor 110 with a high 
conductivity, such as tungsten, a metal contact 111 and a doped 
polysilicon layer 125. 

A thin region 109 is created at the surface in the second 
opening, having a doping of the first type p, representing a 
base region. Three separate regions 112, 113 are created at the 
surface of this region 109. A highly doped region with a doping 
of a second type n+ is created in the centre, forming an 
emitter region 112. The emitter region is connected to a doped 
polysilicon layer 114, which in turn is connected to the 
emitter E via a metal contact 115 and a connector 116 with a 
high conductivity. 

A base contact region 113 is created on each side of the 
emitter region 112, to which each base B is connected via a 
doped polysilicon layer 117, a metal contact 118 and a 
connector 119 with a high conductivity. The base contact 
regions 113 stretches down through the base region 109 and into 
the n-well 104. 

The device is covered with an oxide 120 and a PSG 
(Phosphosilicate Glass) layer. 

A trench is thereafter etched outside the semiconductor device 
region to form a plug 121, being a part of the electrical 
connection 101. The trench stretches from the PSG layer down to 
the initially doped substrate, where a plug contact region 122 
is created with a high doping of the first type p++ . The plug 
121 is made of a material with a high conductivity, such as a 
metal, especially tungsten. The plug is connected, via a 
connector 123, to any part of the semiconductor device that 
needs to be grounded, in this case the emitter contact E. 



23430usa; 00-01-26 



7 



In this way a connection is established from the emitter 
contact E to a reverse side 124 of the substrate 102, which may 
be grounded, via the connector 123 and the electrical 
connection 101, comprising a plug 121 and a plug contact region 
5 122. If a high current is to be led through the established 

connection, the electrical connection may comprise a plurality 
of plugs. 

Fig. 2a-2e illustrates the manufacturing steps for the 
semiconductor device including the electrical connection in 
10 Fig.l. The figures mainly shows the region where the 

semiconductor device, in this example a bipolar transistor, is 
r3 created between the isolation means 105, the plug 121 is 

located outside this region. 

Q Fig. 2a shows a substrate 102 (pH- type) that has been processed 

*"^15 up to a point where the following parts of the process is 

completed: growing a fist epitaxial layer to form a buried 
'[■^ layer 103 (n+ type) , growing a second epitaxial layer to form a 

L.J. 

f]l n-well 104 (n type) , introducing isolation means 105, 

■'^^ deposition of field oxide 107 with a first and a second 

r320 opening, creating a highly doped region (n+ type) stretching 
from the surface 106 of the first opening down to the buried 
layer 103, creating a base region 109 (p type) at the surface 
of the second opening, deposition of a polysilicon layer 117 
with a high doping of the first type p+ and deposition of a 
25 first oxide layer 201 on the polysilicon layer 117. All these 
steps are performed in a way that are obvious for a person 
skilled in the art. 

Fig. 2b shows a cross section of a semiconductor device where 
an emitter opening 202 and a collector opening are formed in 
30 the first oxide layer 201 and the polysilicon layer 117 down to 
the base region 109. A second oxide layer 203 is then deposited 
on top of the semiconductor device. 
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Fig. 2c shows a cross section of a semiconductor device where 
the second oxide layer 203 has been etched away leaving only 
two spacers 204, narrowing the emitter opening, A second 
polysilicon layer with a high doping of the second type n+ is 
5 deposited over the device and, as shown in Fig, 2d, etched to 

form a polysilicon layer 114 over the emitter opening 202 and a 
polysilicon layer 125 over the first opening, that is the 
collector opening. The substrate is subject to an anneal which 
drives in three regions 112, 113 into the base region 109. The 
10 emitter region 112 is formed directly beneath the polysilicon 
layer in the emitter opening 202 and a base contact region 113 
is formed on each side of the emitter region 112 beneath the 
'""i first polysilicon layer 117, where said base contact regions 

Ijl 113 stretches down through the base region 109 into the n-well 

yi5 104. 

i:J Fig. 2e shows a cross section where metal contacts 111, 115, 

118 are created to establish electrical contact to the bipolar 
□ transistor 100. This process is well establish and known to a 

ri i 

\Jz person skilled in the art. 

020 The resulting semiconductor device 100, including the 

connection from the emitter connection E to the reverse side of 
the substrate 124, is illustrated and described in Fig. 1. 



Figu2<e|S- 1 and 2a-2e only described a NPN bipolar transistor, 
^j^^N^ but natu^^sj;^^^ other types of semiconductor devices, such as 
2t5 PNP bipolar tr^stio^stors , MOS transistors or discrete 

components, having a^^ground connection being connected to the 
reverse side of the subs^>^^ as shown in Fig. 1. The 
semiconductor device may of coiJisqe be part of a semiconductor 
circuit which may consist of_ a plur^^ij^y of different 
30 semiconductor devices. A major advantage rs^^that a more compact 
layout of the semiconductor circuit may be obtaS^Fi^, with a 
reduced number of contact pads. 
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Fig. 3 shows a perspective view of an integrated circuit 300 
comprising a package 302, including pins and contact pads 303, 
bonding wires 304 and an semiconductor circuit 306, comprising 
at least one semiconductor device 100 with a ground connection 
E connected to a ground pin 301 according to the invention. 

Each pin, except the ground pin 301, is connected to at least 
one pad on the semiconductor circuit 306 via the contact pads 
303 and the bonding wires 304, respectively. The ground pin 301 
is preferably directly connected to a lead frame 305 on which 
the reverse side 124 of the semiconductor circuit 306 is 
electrically attached. 

A prior art integrated circuit has normally a large number of 
bonding wires to establish a ground connection from the 
integrated circuit to the package. The time for making all the 
connections is dependent on the number of bonding wires to 
attach. By reducing the number of bonding pads needed, and 
making the ground connection according to the invention , the 
procedure for attaching the bonding wires to the bonding pads 
on the circuit is significantly speeded up due to less bonding 
wires to attach. 

Other ways of electrically connecting the reverse side of the 
semiconductor circuit may be used, such as connecting the lead 
frame via at least one separate bonding wire. 
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